Being a typical micropollutant, tris-(2-chloroethyl)-phosphate (TCEP) is often found in aquatic environments. However, the potential effects of TCEP at environmental concentrations on apoptotic mechanisms are mostly unknown. Thus, the purpose of this study is to investigate the apoptotic regulatory protein expression of TCEP at environmental concentration in primary cultured renal proximal tubule cells (PTCs). The results show that TCEP at 0.01 and 1 mg L À1 significantly increased the phosphorylation of c-Jun-NH2-terminal kinase (JNK) (135.5 and 138.0% of the control, respectively), and significantly decreased the expression of Bcl-2 and cIAP-2 at all tested concentrations, except for a slight decrease of Bcl-2 at 0.01 mg L À1 . In addition, TCEP significantly increased the expression of caspase-3 at all three concentrations (132.6, 172.6 and 167.9% of the control, respectively) and caspase-9 at 1 and 10 mg L À1 (128.3 and 144.5% of the control, respectively). Furthermore, TCEP increased the apoptotic cell population in a flow cytometry analysis. In conclusion, environmental TCEP might have a dose-dependent proapoptotic effect with a decrease of DNA synthesis and cell number in primary cultured renal PTCs.
In this study, we develop a new cellular model consisting of cell apoptotic regulatory protein expression and PTCs in order to study the subtle effects of TCEP at environmental concentrations. In the cell apoptosis mechanism, a useful tool for studying cellular effects, the caspase pathway related to proteins plays a critical role because caspases, being a family of cysteine proteases, form a proteolytic cascade that cleaves distinct and vital proteins (Nuñez et al. ) . Also, as mentioned in previous studies (Ren et 
MATERIALS AND METHODS

Chemical and antibodies
TCEP was purchased from Sigma-Aldrich (Carlsbad, CA, USA) and New Zealand White male rabbits (1.5-2.0 kg) were obtained from Dae Han Experimental Animal Co., Ltd (Chungju, Chungchongbuk-do, Korea). Class IV collagenase and soybean trypsin inhibitor were purchased from Life Technologies (Gibco BRL, Grand Island, NY, USA). Antibodies of cIAP-2, caspase-9, and caspase-3 were acquired from Santa Cruz Biotechnology (Delaware, CA, USA). Bcl-2, phosphorylated c-Jun-NH2-terminal kinase (p-JNK), and total JNK were purchased from Cell Signaling Technology (Beverly, MA, USA). In addition, β-actin antibody was obtained from Sigma-Aldrich, and goat antirabbit IgG was supplied by Jackson Immunoresearch (West Grove, PA, USA). Note that all reagents used were of the highest purity commercially available. Liquiscint was obtained from National Diagnostics (Parsippany, NY, USA).
Cell preparation and culture condition
Primary rabbit renal PTC cultures were prepared using the method reported by Chung et al. () . Initially, rabbit kidneys were perfused through the renal artery, first with phosphate buffered saline (PBS), and then with 0.5% iron oxide solution. Next, renal cortical slices were prepared and homogenized. The homogenate was sequentially poured through 253 and 83-μm mesh filters. Tubules and glomeruli were then recovered from the top of the 83-μm filter and transferred into a sterile medium. At this time, the glomeruli-containing portion (containing iron oxide) was removed using a magnetic stir bar, and the remaining proximal tubules were incubated briefly in a medium containing collagenase (0.125 mg mL À1 ) and 0.025% soybean trypsin inhibitor. The tubules were then washed by centrifugation, resuspended in a medium containing the three supplements, and transferred into tissue culture dishes.
During experimentation, the medium was changed 1 d after plating and every 2 d thereafter; the primary cultured rabbit kidney PTCs were maintained at 37 W C in a 5% CO 2 humidified environment in a serum-free basal medium (D-MEM/F-12 medium (Gibco-BRL, Gaithersburg, MD, USA)
using 15 mM HEPES and 20 mM sodium bicarbonate (pH 7.4)), which was supplemented with the three growth supplements (5 μg mL À1 insulin, 5 μg mL À1 transferrin, and 5 × 10 À8 M hydrocortisone).
Cell count and lactate dehydrogenase assay
The cellular viability and damage of primary cultured renal PTCs were studied via cell count and lactate dehydrogenase (LDH) assay. The total number of cells was counted using the following methodology. The cells were washed twice with PBS and trypsinized from the culture dishes. The cell suspension was then mixed with a 0.4% (wt vol À1 ) trypan blue solution and the number of live cells was determined using a hemocytometer; cells failing to exclude the dye were considered non-viable. Cell injury was assessed by LDH activity, with the LDH activity level in the medium measured using a LDH assay kit (TaKaRa, Japan). For measurement of LDH activity, the cells were treated with different concentrations of TCEP for 24 h, then with the LDH assay kit for 30 min. LDH activity was detected by microplate reader with 490 nm, then expressed as the foldincrease of control.
[ 3 H] thymidine incorporation
The effect of DNA synthesis of TCEP on the PTCs was investigated via [ 3 H] thymidine incorporation. The medium was changed for the last time when the cells reached 70-80%
confluence. The thymidine incorporation experiments were then conducted according to the method described by Gabelman & Emerman () . The cells were incubated in the medium in the presence or absence of TCEP for 24 h and pulsed with 1 μCi of [methyl-3 H] thymidine for 1 h at 37 W C. The cells were then washed twice with PBS, fixed in 10% trichloroacetic acid (TCA) (Sigma, USA) at room temperature for 15 min, and then washed twice in 5% TCA. Next, the acid-insoluble material was dissolved in 2 N NaOH at room temperature, and the level of radioactivity was determined using a liquid scintillation counter (LS 6500, Beckman Instruments, Fullerton, CA, USA). All experiments were performed in three dishes in each of the three independent experiments, and values were converted from absolute counts to percentage of control to allow a comparison between the experiments. Again, the number of viable cells was determined by a hemocytometer using a 0.4%
(wt vol À1 ) trypan blue solution.
Western blotting assay
The effect of cell apoptotic regulatory protein expression was studied via Western blotting assay. After confluent culturing of the cells under each specified condition, the medium was then removed. 
Flow cytometry assay
The effect of cell cycle phase distribution was investigated via flow cytometry assay. The fluorescence activated cell sorting (FACS) propidium iodide (PI) staining protocol was used to detect the cell cycle distribution of primary cultured rabbit renal PTCs using a flow cytometry instrument.
The PTCs treated by TCEP were detached from a 60-mm culture dish using a cell scraper, and placed into a 5-mL tube. The cells were then centrifuged in the tube at 2,000 rpm for 5 min at a constant temperature of 4 W C.
The supernatants were removed, and centrifuged cells were washed using 4 mL of Dulbecco's PBS. The cells were again centrifuged, and the supernatants aspirated.
Next, 200 μL PBS was added to the tube, and the cells were resuspended using a pipette. After making a single cell using pipetting, cold 70% ethanol (1.8 mL) was added to the cells with continuous vortexing. The cells were then stored in a À20 W C refrigerator for more than 2 h to ensure cell fixation. Next, the fixed cells were centrifuged at 2,000 rpm and 4 W C for 5 min. At this time, the supernatants were removed from the tube, and 3 mL PBS was added to the tube. The cells were resuspended using a pipette, and incubated at 37 W C for 60 s. The cells were again centrifuged at 2,000 rpm and 4 W C for 5 min, and the supernatants (PBS) were aspirated. The cells were then resuspended using a 1-mL PI solution consisting of 10% triton X-100, 20 mg mL À1 Rnase, 1 mg mL À1 PI, and PBS solution, and incubated at 37 W C for 15 min (or at room temperature for 30 min). Finally, the stained samples were detected using a flow cytometer (Beckman Coulter, USA).
Statistical analysis
The results were expressed as the mean ± standard error (SE). Note that all the experiments were analyzed by analysis of variance (ANOVA) and some experiments were examined by comparing the treatment means to controls using the Bonferroni-Dunn test, with a P-value <0.05 and P-value <0.01 being considered significant.
RESULTS
Effect of TCEP on cell damage and DNA synthesis
The effect of cellular damage and DNA synthesis of primary cultured renal PTCs treated with TCEP at varying concentrations were studied via a LDH assay and [ 3 H] thymidine incorporation (Figure 1) . To investigate the effect of TCEP on cell damage, concentrations of TCEP ranging from 0.01 to 10 mg L À1 were added to the cell culture medium and allowed to incubate for 24 h, as shown in Figure 1(a) . In the figure, TCEP at 0.01 mg L À1 did not incur cell damage (102.0% of the control), but significantly induced cell injury at 1 and 10 mg L À1 , to 158.0 and 184.0% of the control, respectively. Figure 1(b 
Effect of TCEP on cell number
The effect of TCEP on cell number was then studied based on a cell count assay, as shown in Table 1 . TCEP treatment for 24 h slightly decreased the cell number at 0.01 mg L À1 (86.2% of the control), though the count significantly decreased at 1 and 10 mg L À1 , to 58.8 and 50.8% of the control, respectively.
Effect of TCEP on cell apoptotic regulatory protein expression
In order to determine the effect of TCEP on apoptotic regulatory proteins, the PTCs were respectively treated with 0.01, 1, and 10 mg L À1 of TCEP for 24 h and the protein expressions were examined by Western blotting. The protein expressions of Bcl-2 and cIAP-2, as cellular inhibitors of apoptosis proteins, were also investigated using different TCEP concentrations, the results of which are shown in Figure 3 . TCEP at 0.01 mg L À1 slightly decreased the expression of Bcl-2, to 95.1% of the control, but significantly decreased the expression at 1 and 10 mg L À1 , to 72.4 and 63.9% of the control, respectively (Figure 3(a) ). In the study of cIAP-2 expression (Figure 3(b) ), TCEP significantly decreased the expression of cIAP-2 for all tested concentrations of TCEP (0.01, 1, and 10 mg L À1 ), showing 83.5, 65.4, and 62.5% of the control, respectively. In the study of caspase-9 and caspase-3 protein expressions (Figure 4) , TCEP slightly decreased the expression of caspase-9 protein, to 93.6% of the control, but significantly increased the expression at 1 and 10 mg L À1 , to 128.3 and 144.5% of the control, respectively (Figure 4(a) ). Similarly, Figure 4(b) shows that the TCEP significantly increased the expression of caspase-3 protein for all tested concentrations (132.6, 172.6, and 167.9% of the control, respectively).
Effects of TCEP on cell cycle phase distribution
In order to study apoptotic effects of TCEP on the PTCs, the cell cycle phase distribution was investigated via a flow cytometric assay, as shown in Table 2 . Most PTCs were in G0/ The results from this study demonstrated that TCEP had slight or no effect at environmental levels on DNA synthesis, cell number, and cell damage, but significant effect at higher concentrations; the results showed a similar trend to previous research by Ren et al. (, ) . In this study, the higher concentrations of TCEP (1 and 10 mg L À1 ) significantly decreased the expressions of Bcl-2 and cIAP-2 and increased the expressions of caspase-9 and caspase-3. However, these responses were not distinct in PTCs treated with 0.01 mg L À1 TCEP. Indeed, even though the target chemical was different from the present study, 
